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Photolithography
Attempts of fabricating polymeric microdisks loaded with MNPs using different approaches:
Positive photoresist (hole-pattern) In this method a positive photoresist (S1818) was used so as to obtain a hole-pattern (by prebaking the photoresist at 115 ºC for 60 s, using custom designed chromium on quartz photomask with clear circles of 8 µm in diameter, UV exposure time of 15 s and development of 25 s with MF-319), see Figure S1 a. Then the polyelectrolytes were sprayed layer by layer (LbL) onto the pattern at pH~3. Once the photoresist pattern was dissolved, the multilayer (ML) structure that had filled the holes stayed on the substrate while the multilayer on top of the photoresist was released giving rise to polymeric microdisks. The ML structure is composed of 3 regions:
1) The release region is composed of PMAO (Polymethacrylic acid) and PVOP (Polyvinylpyrrolidone) which assemble by H bonds. At pH>6 the PMAO deprotonates enough to cause the disassembling of this first region and the release of the remaining ML.
2) The intermediate region is form by electrostatic interactions between the strong polyelectrolytes PSS (polysodium 4-styrenesulfonate) and PDAC (polydiallyldimethylammonium chloride).
3) The payload region is form by electrostatic interactions between Fe 3 O 4 NPs@PMAO and PAH (polyallylamine hydrochloride).
Total thickness of the polymeric ML shown in Figure S1 b [(PMAA/PVOP) 60 (PSS/PDAC) 30 ] was around 400 nm (~2.2 nm/monolayer) measured by profilometer. Bibliography suggests [S1] that the release region thickness has to be at least ~250-300 nm in order to achieve successful lift 3 off. Therefore, the fabrication process requires very long spraying times (>2 hours). Moreover, the need of having to spray the NP colloid at pH~3 provokes NP clustering. These NP agglomerations connect the ML with the photoresist and cause the detachment of the whole system in some areas when the resist is getting dissolved (Figure S1 c) . Moreover, the dissolution of the release region, i.e. the lift-off process, in the remaining microdisks is not quantitative as it is shown in Figure 1 of the paper. Consequently, this approach was discarded. In this second attempt a negative photoresist (KL 1607) was chosen to make a pillar-pattern ( Figure S2 ) with the same photomask that was used in the previous approach (the resist was prebaked at 110 ºC for 60 s, exposed to UV for 20 s and developed in MF-26A during 10 s). The polymeric ML structure was sprayed onto the pattern and the KL 1607 pillars were meant to be used as a sacrificial layer. Nevertheless, the sidewalls of the pillars got covered by the polyelectrolytes and NPs (Figure S2 b) ; thus, it was not possible to release the ML heterostructure from the substrate. Although the preparation conditions were modified in order to obtain pillars with undercut, the results were not successful enough to get a quantitative lift off. NPs/µm 2 ; (g) 520 ± 120 NPs/µm 2 ; (h) 45 ± 11 NPs/µm 2 ; (i) 84 ± 16 NPs/µm 2 and (j) 110 ± 8 NPs/µm 2 .
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The sample presented in Figure S4 was prepared by spraying a colloid of Fe 3 O 4 @PMAO SPMNPs of 1 mg/ml (at pH=6.5) for 4 s. As it can be observed, smaller MNPs (SP-MNPs) can be assembled at high density (>800 NPs/µm 2 ) with very low degree of agglomeration using a NP colloid concentration of 1 mg/ml. Therefore, getting a homogeneous assembly of non-magnetic NPs by this approach seems to be very easy to attain. In this measurement protocol, the sample is subjected to magnetic loops between the same maximum positive field (+H max ) and progressively smaller minimum fields up to reach the total major loop (from -H max to +H max ) ( Figure S7 ). FORC curves correspond to the increasing field branch of such loops and so they start at gradually lower magnetic fields, which are usually called reversal fields (H R ). Such reversal fields are scaled by the same step as applied magnetic field, and therefore, magnetization changes can be easily calculated from the derivatives of magnetization relative to both, applied field H and reversal field H R . In this particular case, maximum fields is of 120 kA/m and field step is 1.2 kA/m. Because the sensitivity of the magnetization measurements in the FORCs should be at least 1000 times better than the maximum magnetic moment of the sample, FORC measurements have been performed in a continuous multilayer that was sprayed simultaneously with the photolithographic pattern. Note that in the SQUID magnetometer used for these measurements, relative sensitivity is about 9 1·10 -11 Am 2 and therefore minimum magnetic moment of the whole sample should be above 1·10 -8 Am 2 in order to get a reliable 3D distribution map of magnetization switching events.
In addition to the very visual 3D representation shown in Figure 7 of the manuscript, it is also useful to represent the 2D projection of FORC distribution over the plane given by interacting bias field (H b ) and local coercive field (H c ) variables (Figure S8) . In these plots, contour lines enclose regions where magnetization switching events are taking place more frequently. In the very weak interacting sample (h), in Figure S8 during a single measurement the magnetic field is successively switched on and off and then the remanence magnetization is measured. The difference between and relies on the initial state of the nanoparticle assembly: for obtaining curve, the sample is demagnetized prior to the application of magnetic pulses of increasing amplitude, while the assembly is magnetized with a large field applied in the opposite direction to the field pulse for obtaining each point. In this way one can construct two plots of remanence magnetizations, and , as a function of the field pulse amplitude, such as those presented in Figure S9 (a) and S9 (b). Note that start from 0 (demagnetized state) and saturates at the maximum remanent magnetization , while starts at (reversal magnetized state) and finishes at ~0.5 -(magnetized in the direction of positive pulses).
For systems composed of single magnetic domains, a demagnetized sample means that magnetic moment vectors are pointing towards any direction of space with equal probability; terminal point of such vectors or states are spread equally over north and south hemispheres. In this case, a magnetic pulse directed, let´s say, along the North pole will prompt a number of particle magnetization switchings from equivalent "south" (down) minima to "north" (up) minima. Once beyond a certain magnetic intensity threshold, down states are removed and remains constant and equal to . If the magnetization reversal at each "object" is an independent process (dipolar interactions negligible or isolated objects), the same magnetic pulse but applied to a sample magnetized downwards (used for measuring ) produce twice as many irreversible jumps as before. This is just because the density of states in the south hemisphere in a magnetized state is also double the density of states in the demagnetized one. It means that in the non-Interacting particle approximation and should verify a quite simple linear relation:
Equation (S1) 
Depending on the sign of , interaction promotes demagnetizing ( ) or magnetizing ( < 0 ) effects, as discussed elsewhere in the literature [S2,S3,S4] Demagnetizing/magnetizing > 0 effects means that antiparallel/parallel configurations are energetically favored by interactions and so would affect magnetized state (and then to ) to a greater degree than demagnetized one ( ). In our case, as observed in Figure S9 Representation of as a function of the amplitude of the magnetic field pulse.
SAR measurements
Specific Absortion Rate (SAR) measurements on Fe 3 O 4 ferromagnetic NP colloid suspension were performed using a custom build, water-cooled coil driven by a power supply from MSI Automation Inc. (Wichita, Kansas). The coil's mean radius was 2.4 cm and had 6 turns. The sample temperature was recorded using a fiber optic temperature sensor (T1S-03- and an analogue to digital converter (ReFlex) from Neoptix (Quebec, Canada). The sample holder had double walled glass, sealed with a plastic cap. Annular air gaps between the glass walls of the sample holder and between the sample holder and the coil ensured near adiabatic conditions for small temperature changes. The aqueous suspension of the Fe 3 O 4 @PMAO FMNPs was subjected to magnetic field for 10 seconds and the temperature rise was simultaneously recorded. The mean magnetic flux density along the sample column (1 cm) was 36 kA/m at 412.5 kHz.
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The dT/dt values were obtained from the slope of a linear fit to the data for the first degree change in temperature. SLP was calculated by using Equation S2:
where, C is the specific heat of water (4.18 J/g o C), ρ is the density of water (1 g/cm 3 ) and c np is the concentration of the NP colloid in g Fe3O4 /ml. Figure S10 shows the dT/dt plot corresponding 
Cell Culture
HEK 293 cell line was a gift from Dr. Cohen (Harvard). The cells were stably expressing channelrhodhopsin 2 in the cell membrane, with a GFP tag. The cells were cultured and passaged per published protocol. [S5] For imaging, all cells were grown in 12 mm glass coverslips coated with poly-L-Lysine, for adherence.
Hippocampal cultures were obtained from Sprague-Dawley rat fetuses (E 16) and maintained according to published protocol. [S6] For imaging, day in-vitro (DIV) 14 cultures were used.
For fixation, the media in the wells was replaced with ice cold 4% Paraformaldehyde (PFA) in Phosphate buffer solution (PBS) and the cells were incubated for 20 minutes. The cells were then washed in PBS and stored at 4 ºC, until used.
Microdisk loading on cells
Living ( was then added. Gentle pipetting of the buffer solution was done 2 -3 times, followed by a 10 minutes incubation, to ensure that most microdisks attached to the cells. For preparation of slides for confocal microscopy, the coverslips were placed on glass slides and were sealed with enamel.
Fluorescence microscopy of cell loaded microdisks
Epifluorescence microscopy was done with an inverted microscope (Zeiss Axio Observer A reposition ROIs during acquisition. Illumination was only done during imaging and the entire experiment was done at room temperature.
